Background: Although some studies have questioned whether cardiopulmonary resuscitation (CPR) in older people could be futile, age is not considered an essential out-of-hospital cardiac arrest (OHCA) prognostic factor. However, in the daily clinical practice of mobile medical teams (MMTs), age seems to be an important factor affecting OHCA care. Aims: The purpose of this study was to compare OHCA care and outcomes between young patients (<65 years old) and older patients. Methods: We performed a case-control study based on data extracted from the French National Cardiac Arrest (CA) registry. All adult patients with CA recorded between July 2011 and May 2014 were included. Each older patient was matched on three criteria: sex, initial cardiac rhythm and no-flow duration. Results: We studied 4347 pairs. We found significantly less basic life support initiation, shorter advanced cardiac life support duration, less MMT automated chest compression, less MMT ventilation and less MMT epinephrine injection in the older patients. Significant differences were also observed for return of spontaneous circulation (odds ratio (OR)=0.84, 95% confidence interval (CI) 0.77-0.92, p<0.001), transport to hospital (OR=0.58, 95% CI 0.51-0.61, p<0.001), vital status at hospital admission (OR=0.55, 95% CI 0.50-0.60, p<0.001) and vital status 30 days after CA (OR=0.42, p<0.001). Conclusion: All OHCA guidelines, ethical statements and clinical procedures do not propose age as a discrimination criterion in OHCA care. However, in our case-control study, we notice a shorter duration and less intensive care among older patients. This finding may partly explain the lower survival rate compared with younger people.
Introduction
Even though improvements in cardiac arrest (CA) care have been observed in the last decade, CA prognosis remains poor. Survival rates for out-of-hospital cardiac arrest (OHCA) are still low and vary between 5% and 30% worldwide. [1] [2] [3] This phenomenon is mainly related to the no-flow duration (i.e. the delay between the onset of CA and the first cardiopulmonary resuscitation), the low-flow duration (i.e. the delay between the first cardiopulmonary resuscitation and the return of spontaneous circulation) and the initial cardiac rhythm. Bossaert et al., 4 in the ethics of resuscitation and end-of-life decisions section of the 2015 guidelines, recommended that cardiopulmonary resuscitation (CPR) decisions should not be made based on a single element, such as age. However, in daily clinical practice, age seems to be an important factor affecting CA care.
Literature has reported outcomes after CA in older adults with varying results on survival rates from 0.3% to 10% with a common value about 5%. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] The decision to resuscitate depends on myriad factors, for example, patient characteristics (e.g. general health, functional status) 20 and cardiac arrest context (out-of-hospital onset, witnessed or not, initial rhythm). 7 Some studies have questioned whether CPR in older patients may be futile. 7, 21, 22 These last three studies, as described by Deasy et al., 6 presented, with some robustness, limitations: small sample size, lack of a homogeneous definition of older adults and CA outcomes.
The aim of this case-control study was to compare OHCA care and outcomes between young adults (<65 years old) and older adults (≥65 years old) based on the French National CA registry (RéAC) 2 according to the Utstein style (which is a set of guidelines for uniform reporting of OHCA). 23 
Methods

Study design and setting
We performed a case-control study based on data extracted from the RéAC database between July 2011 and May 2014. The RéAC includes patients of any age who have had an OHCA regardless of the aetiology (cardiac, noncardiac, and trauma) and when a mobile medical team (MMT) was involved regardless of resuscitation attempt. In accordance with the Utstein style guidelines, we recorded 27,441 CAs and then excluded 3862 individuals who were dead on discovery. On 23,579 eligible CA, we included OHCAs cared by mobile emergency and resuscitation services (MERS) (n=17,043) with a medical aetiology (n=15,169). We excluded the youngest patients (<18 years old). This database contained 8414 patients older than 65, defined as older adults in this paper. Each older adult patient (i.e. case) was matched on the basis of three criteria recognized as important prognostic factors: sex, initial cardiac rhythm and no-flow duration. [24] [25] [26] When several controls (i.e. younger adults) were available for a case, we used the variable 'date of CA onset' as a selective variable. On this basis, we obtained 4347 pairs (Figure 1 ). To validate the robustness of our comparison in terms of survival rate, we proceeded to a second matching with an additional matching criterion regarding the end of life (i.e. the expected cessation of circulation and respiration in a terminal condition) 4 and/or the presence of an advance directive (advance directives are decisions about treatment prospectively provided by an individual in case they are unable to directly participate in the medical decision-making at some point in the future). 4 Age, low-flow duration, CA location, basic life support (BLS) description, and advanced cardiac life support (ACLS) description were compared. The primary endpoint was survival to hospital admission, which was defined as the admission of a patient with a palpable pulse or measurable blood pressure to an intensive care unit. The secondary endpoints were the return of spontaneous circulation (ROSC, defined as the spontaneous return of a palpable pulse or a measurable blood pressure), 23 transport to the hospital, survival to hospital discharge or vital status 30 days after the CA (D30) and good neurologic recovery (i.e. cerebral-performance categories 1-2). 27 
Measurements
In France, the prehospital Emergency Medical Services (EMS) system is a two-tiered, physician-based system with a fire department ambulance for BLS, medical dispatch centres and several MERS that are responsible for out-of-hospital emergencies and ACLS. Each MERS includes one or more MMTs operating on-scene. Each MMT is composed of at least an emergency physician, a nurse and an emergency medical technician.
The RéAC form meets the requirements of French EMS organizations and is structured according to the Utstein universal style. 23 Each participating MERS uses this form during intervention. The data are reported in the RéAC secured database (www.registreac.org). If the patient is alive at the time of hospital admission, then a follow-up record sheet must be completed. 2 
Ethical approval
The investigation conforms to the principles outlined in the Declaration of Helsinki. 28, 29 This study was approved by the French advisory committee on information processing in health research (CCTIRS) and the French National Data Protection Commission (CNIL, authorization no. 910946). It was approved as a medical assessment registry without a requirement for patient consent. 
Statistical analysis
The distribution of variables was tested using the Kolmogorov-Smirnov test. The baseline population characteristics were described by the median and the quartiles [Q1-Q3] (first quartile and third quartile) for the quantitative variables, and frequencies were given for the qualitative variables. Comparisons of the variables between each case and control were handled using a chi-square test or Fisher's exact test for the qualitative variables and the Wilcoxon test for the quantitative variables. 30 The odds ratio (OR) with a 95% confidence interval (95% CI) for each case and control group was given for the CA outcomes. The alpha level was defined as 0.05. Analyses were performed using IBM SPSS Statistics© V19.0.
Results
We studied 4347 pairs ( Figure 1 ) with a median age of 64.5 (54-77) years. CA occurred mainly at home (72.7%), and 70.7% of CAs were witnessed. BLS was started in half of the patients. The median ACLS duration was 30 (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) (39) minutes. Other characteristics of the population are detailed in Table 1 .
When comparing the case and control groups, we noticed no significant difference in the immediate BLS, the ACLS duration before the return of spontaneous circulation (ROSC) and the chest compression by MMT. For all other criteria, we found significant differences in care (Table 1) .
We found significant differences between cases and controls regarding our primary endpoint, vital status at hospital admission (odds ratio (OR)=0.55, 95% confidence interval (CI) 0.50-0.60, p<0.001), and our secondary endpoints, ROSC (OR=0.84, 95% CI 0.77-0.92, p<0.001), transport to hospital (OR=0.58, 95% CI 0.51-0.61, p<0.001) and vital status at D30 (OR=0.42, 95% CI 0.35-0.50, p<0.001). No significant differences were found for the cerebral performance category (CPC) at D30 (OR=0.93, 95% CI 0.64-1.37, p<0.718) ( Table 2 ). In our older adult population, we found 5.2% of cases with an end-of-life situation and/or with advance directives (end of life=1%; advanced directives=4%; both=0.2%). By using this criterion as a complementary matching criterion, we found the same results with the first matching analysis in terms of ROSC (OR=0.87, 95% CI 0.81-0.94, p<0.001), transportation to hospital (OR=0.59, 95% CI 0.55-0.64, p<0.001), vital status at hospital admission (OR=0.55, 95% CI 0.47-0.62, p<0.001) and vital status at D30 (OR=0.52, 95% CI 0.36-0.68, p<0.001), and no significant differences were observed for the CPC at D30 (OR=0.96, 95% CI 0.31-2.22, p=0.801) ( Table 2) .
Discussion
To the best of our knowledge, this is the first study on OHCA older patients based on a case-control methodology in a large population.
More than one-sixth of the French population is older than 65 years. By 2060, this population is expected to increase by 10 million people, accounting for one-third of the French population. Based on current mean age (approximately 65 years) of CA onset in France, 2 we expect an increase in the number of older patients presenting with CA. In this situation, the challenge will be to determine who should be resuscitated and when to resuscitate. Within the framework of the organization of prehospital care in France, the emergency physician is responsible for starting resuscitation or not, and for stopping treatment according to guidelines and by considering patient characteristics and CA context. The detection of the criteria used to terminate resuscitation is an important medical, ethical and organizational issue. The answer to this issue is complex and cannot be determined with a lack of reliable data on quality of care and patient's outcome.
Our study shows that older adults are less likely to survive. The survival rate at 30 days is two-fold lower in the older group than in the younger group (4.8% vs 10.7%). However, among survivors at D30, there is no statistically significant difference in neurologic outcome between older and younger patients. The literature reports a wide range of survival rates in older patients (from 4.1% to 8.4%). 5, 6, 8, 31 Our results are comparable with Wuerz et al. 9 The difference in the reported survival rates between studies could be, in part, due to differences in initial recorded rhythm, with a better outcome for shockable rhythms, even if other prognostic factors exist (differences in no-flow time, low-flow time, time to first defibrillation, differences in post-resuscitation care). In our study, asystole was recorded in 76.1% of cases, which may explain the relatively low survival rate in our population. In our study, we considered end-of-life and relevant advance directives. These decisions seem to be overexpressed in the older adult population, even if the situation remains quite anecdotic (5.2%). This result can be explained by the study design based on patients who are cared by an MMT. To increase the validity of our results, we removed this bias by using a complementary matching criterion: end-of-life and/or relevant advance directive. The validity of our results was confirmed, demonstrating that the use of endof-life and advance directive as complementary matching criteria had no impact.
In our study, we also report a less intensive OHCA treatment in older adults compared with that in the younger group. This is demonstrated by less BLS starting and less intensive ACLS (i.e. duration, automated chest compression, ventilation and epinephrine injection). Our methodology limits, but does not exclude, important potential confounders on severity between the cases and the controls (matching criteria: no-flow, initial rhythm recorded). In our study, we report that BLS is started less often in older adults. Even if the witnessed-OHCA rate is higher in the older patient group, witnesses are unable to perform BLS due to their age or psychological barriers (next of kin). Furthermore, the duration of ACLS is shorter (less than 30 minutes). Even if the rate of initiated chest compressions is similar in both groups, the older patient group received less automated chest compression, less ventilation and fewer epinephrine injections (taking into account that older patients are more often in asystole). Those differences in care with similar OHCA severity levels can be explained by several factors. One may suppose that age seems to be an oblivious criterion of non-resuscitation or less intensive resuscitation performed by emergency physicians. However, one may keep in mind that age is not a termination of resuscitation criterion. Chan et al. demonstrated that predictive survival factors at 1 year are sex, race, and hospital discharged neurologic score but not age. 32 Finally, international guidelines 4 do not consider age as a criterion to decide whether to attempt or withhold OHCA resuscitation, even if the decisions can be made in advance by end-of-life directives.
Limitations
Our study is an observational study. We can only observe that older patients did not benefit from the same level of resuscitation in terms of quantity and intensity as younger patients. Due to the design of our study, we cannot determine if there is discrimination in care with age, and we cannot identify the causes of this potential discrimination. We can only make assumptions based on observed differences. The no-flow time is one of our matching criteria and was hard to obtain. The main difficulty arises from the exact determination of the onset of CA. This problem is not specific to our study and is common in OHCA studies. As in most OHCA studies, to minimize this bias, we chose to consider the emergency call time as T0 (OHCA time). Given the large number of CAs studied, we believe that the measurement error, if it exists, will be reported in the same way for all included patients in both groups.
The MMT report the comorbidities of the patient whenever possible. However, this data was only partially reported and therefore not included in our study. Moreover, the patient post-resuscitation management [33] [34] [35] is not included in RéAC (or in many other CA registries), since this is not compulsory according to the Utstein guidelines.
Conclusions
All CA guidelines, ethical statements, and clinical procedures do not propose age as a discrimination criterion in OHCA care. However, our study shows that with similar CA conditions (according to our matching criteria), older adults appear to be victims of medical discrimination due to a shorter duration and less intensive care that might be explained, in part, by a lower survival rate compared with that of young people. As there was a higher rate of witness presence in the older adult group, we would have expected that there would have been more immediate BLS initiation. However, our study demonstrated that the rate of immediate BLS was lower, although the difference did not reach significance.
In the next step, it would be interesting to explore the behaviour among bystanders/witnesses in CA situations, occurring in an elderly person, to better understand the impact of the medical team practices. 
Implications for practice
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